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(54) Tide: IMPROVED HOCKEY STICK 
(57) Abstract 

A hockey stick has a head (3) with an en- 
larged gape (20) with an extended toe height (T). 
The stick exhibits a circulation effect whereby 
when placed face down on a bail with the low- 
ermost part of the outer edge of the stick in con- 
tact witfi the ground, the stick may be twisted in 
one direction to the open stick playing position and 
in the other direction to the reverse stick playing 
position, whilst the spatial position of the stick is 
not varied and the outer edge is in rolling contact 
with the ground and without disturbing the ball. 
The head also provides enhanced catching features 
which provide significantly increased control of the 
bail during play. 
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Improved Hockav Stick 

This invention relates to improved hockey sticks* and in particular, but not exclusively, to hockey sticks intended for outfield 

players. 

In this Specification, various terms are used to describe the shape and geometry of the hockey sticks of this invention and 
5 these terms wiH now be explained with particular reference to Figures 1 to 8 of the accompanying drawings. All measwemenu of 
distence or related constants are given in centimetres (cm), end all angular measurements or constants are given in depees. In the 
accompanying drawings most of the various embodiments of hockey sticks are viewed from the back, (i.e. showing the non-playing 
side) and references to vertical, horizontal, rearward, forward etc, refer to the stick when viewed in the orientation of Figure that 
is with the axis of the handle and shaft generally vertical, with the toe pointing away from the player (i.e. f orwantty). However some 
TO are viewed.from the front (i.e. showing the playing side of the stick) and this witi be apparent because in these Ftgim the toe-wil^ 
be to the left of the shaft as viewed. 

Playing on the open stick means playing the stick forehand in the usual attitude with the toe of the stick pointing away 
from the player and the bulk of the stick on the player's right hand side, and playing on the reverse stick meens playing the stick 
backhand with the stick flipped through 180^ around the axis of the handle, so that the toe is nearest the ground and the bulk of 
15 the stick lies on the player's left hand side. When the stick is held on the reverse stick side with the free end of the toe in contect 
with the ground and the shaft held more or less parallet to the ground, the action is known as a reverse stick block. 

The traditional form hockey stick is made up of four portions, namely a handle 1, a shaft 2, a head 3. and a toe 4. The 
handle extends for the upper part (e.g. three-fifths or so) of the stick, merging with the shaft 2 which occupies the majority of the 
remaining part of the stick. The head 3 occupies a small proportion of the vertical dimension at the base of the stick, but the bulk 
20 of the horizontal dimension. The head lies intermediate the shaft and the too. The toe 4 lies at the lowest free end of the stick, 
and the region of the outer edge of the stick adjacent the merger of the head and the shaft is referred to as the heel. The front 
area of the stick is known as the face and is the allowable playing surface. 

The perpendiculer distance across the face between the edges 5 and 6 at any point is defined as the width of the face 
(F). The edge S furthest away from the player when the stick is held in open stick is the inner edge and the other edge 6 is the 
25 outer edge. 

The handle 1 has traditionally been straight in the vertical dimension and the central axis of the handle has continued 
directly into the shaft portion which has also tended to have straight edges 5 and 6. 

In many conventional sticks, the first oirve ls^h^ begmning at and defining the upper extent of the head 

portion 3. A forward curve is an anti-clockwise rotation, when viewing the back of the stick, starting from the handle end and moving 
30 towards the toe end. 

In a traditional stick, the head may be taken to be the curved portion et the base of the shaft the notional dividing line 
between the shaft and the head being a horizontal line running through the point or region where the generally straight outar edge 
of the shaft meets the outer curved edge of the head. However, if the shaft of the stick incorporates s curve before it reaches the 
head, the head is defined as the lowermost forward curving element. The notional dividing tine between the shaft and the heed in 
35 this mstance is defined by taking the lowermost vertical tangent line to the inner edge of the stick, and the lowermost vertical tangent 
line to the outer edge of the stick, determining the higher point of contact of these tangent lines to the stick, and taking as the 
notional dividing line a horizontal line intersecting the higher point of contact. 

TItt head although, predominantly curved, may have straight or near-suaight sections within it that breali up the curvature, 
of <tbe-inner':flr''ooterr edge^'of the- hied.: 
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The toe 4 is usually rounded, forming the lower end of the stick, having a distal edge which meets both the inner and outer 
edges of the head. The notional dividing line of contact between the head and toe is defined by reference to the principle inflexion 
point 7 on the inner edge of the head, i.e. the last inflexion point before the edge begins to curve convexly into the toe. Minor 
variations in curvature such as indicated at 6 in Figure 8 should be ignored. The toe region should be short and usually no more then 
a 2cm extension upon the head. The toe may be cut away or truncated as shown by the dotted lines 21 in Figuras 1 and L Likewise 
the heel may be cut away in some sticks, ss in Figure 36. 

The current rules of the game lay certain restrictiens upon the shape of a stick. These are detailed witfr reference to Figure 
4. The width of the tace of the stidr IF) must ner exceed 5cm am» the stick must pasrentirely through a ring of metal ot &m 
internal diameter known as a "stick ring". The height ot toe IT) must not exceed 10cm. Further the Rules Board make the foUowing 
recommendation: the forward deviation (CfJ should not exceed 2cm, the rearward deviation (Cr) should not exceed^ 2cm. 

Over the years the design of the hockey stick has changed from sticks with long and gentle cerved heads to sticks with 
short andJor tightly curved heads. Figures 9 (a) to In) show schematically the variation in stick design and its developmem over the 
years, with Figures 9 (o| and (p) showing sticks in accordance with the invention. 

All sticks have three operetional axes, each being defined by a line that runs from the top of the hendle to the base of 
the heed. The rotational axis of the handle runs down the median line of the handle and continues down to the head. The spatial 
axis starts at the top of the handle end ends at the camral rotation point of the head, that is the lowest point of the outer edge 
of the head, and is the predominant axis of rotation in game play due to the physical presence of the head against the ground. The 
axis of balance is defined by the line of even weight distribution down the length of the stick end is the Une that the stick wodd 
most comfortebty rotate around in free space. 

When designing a stick it is desirable to bring these three exes close together, hence meking handling of the stick during 
play as comfortable as possible. In most prior art sticks, these exes have e spread of around 4-5cms. 

Furthermore, it is desirable to increase the playing surface available when the player is playing reverse stick or backhand, 
balancing the playing abUity on both sides. It is also important to prevent the possibility of a hockey ball passing through the gap 
between the stick and the ground when in a reverse stick block. 

There have been severel attempts to satisfy at least some of these criteria. British Patent Specification 21 15296 describes 
a stick in which the head is a compact U-shaped hook bending through about 1B0^ typified by the stick shown in Figure 9 (d). The 
gap between the head and the.shaft is of elongate Jorm graduaUy tapering and terminating at its highest position with a gape which 
is made ss small as possibfe, whilst still allowtng the stick to paxe the "ring pass" test, and ie typicaHy about half the vridth of the 
shaft region. Whilst this form of stick has some benefits, perticularly in respect of the reverse stick block, it provides an ungainly 
movemem in rotation due to the size of the upturned limb of the head which displaces the axis of balance from the rotational axis. 

European Pubyshed Application 0165096 discloses a hockey stick in which the lower end of the shaft is curved rearwardly, 
then conectionally forwardly before meeting the head which is curved forwardiy to bring the sweet spot of the head onto the 
longitudinal axis of the handle whUst making the head of the stick symmetrical about the same longitudinal axis. This eases rotation 
about the ball by bringing the spatial axis onto the rotational axis of the handle and a typical form of such a stick is shown in Figures 
9(e| or 9(i). Although such a stick has advantages when used in the reverse stick block position end the symmetry helps eduate the 
playing ability on the open and reverse stick sides, the stick has e failing that, in balancing the position of the head, the mass 
distribution of the stick about the central axis is unbalanced by the mass of the sheft on the rearward side, moving the axis of 
balance away, from the rotational axis of the handle. Furthermore, recommendations of the Rule Board restrict the rearward 
displacement to 2cm and the head produced is substamiatty .compact with a smalf gape (as hareiB defi^ 
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British Patent 22057576 discloses an arrangefnent in which the lower end of the shaft has a fig iao shape comprising a 
forward curve 19 coniimiino into a rearward curve and a correctional forward curve from which the head curves around to provide 
a small gape (as herein defined) of typicetly 1cm (see for example Figure 9(k)). This form of stick is batter balanced than some of 
the above sticks but still exhibits only a compact playing area on the open and reverse stick sides and the gapa (as herein defined) 
5 is likewise small. - 

SUMMARY OF THE IMVEMTIOM 

As a professional coach, I have analysed the features of existing sticks and also the dynamics of the strstegy of the game 
itself. I have found that player's skill and ban contrd cm be considerably improved by re designing the stick to protridt thv umjsual 
and innovative feature of a catching region which allows a player to cradle the hockey ball when on the ground to allow stable 
1 0 catching *end movement of tho-ball, wMch I* refer to as "cftcMng". Fuillieinioiu, in tho preferred aspects;' the catching' featuro allows 
the potential for the stick to bo rolled around die baH from die open to reverse position and back wiriiout havinff to Bft dio bead of 
the stick from the ground or vary the position of the hands from a comfortable dribbling position, whilst leaving the ball undisturbed 
in the process which I refer to as "circulation". 

Accordingly, I have designed a range of hockey sticks which have enlarged heads exhibiting a generous gape and which 
15 are shaped to allow closer control of the ball when the stick is used face down to trap and drag or swing the ball along the ground. 
In a preferred aspect, when the stick is used to propel the ball from side to side from the open to reverse stick in a comfortable 
dribbling action the illustrated embodiments are guided by contact between dte stick and the ground, thus providing a novel effect 
not available in prior art sticks. Furthermore in their preferred configurations my renge of sticks provide good mass distribution to 
assist balance and handling together with extended and balanced playing area for both forward and reverse stick shots and control 
20 whilst preventing the pessat^ of the bell beneath the shaft when the stick is teid in a reverse stick block. 

Accordingly, in a broad aspect, this invention provides a hockey stick having a maximum gape (as herein defined! of at least 
3 cm between the limbs of the head and the shaft. Preferably the head has a curvature of at least 140*". The maximum gape is 
preferably at least 3.5 cm, and in some enrtodiments approximately 5.5cm. 

Depending on which control feature is required, the gape (Gl and the maximum gape height (H) may be selected in 
25 accordance with one or more of the fodowing relationships, as follows: 

G > 7.7 . 2H/5 
G > 7.65 mu 
6 > tO.3 • 4HI5 
6 > SHIB • 1.25 

30 

Advantageously the gape (G), the perpendicular distance (U from the centre of the gepe circle to the cmitre of a notional 
hockey ba^l cradled by said gape circle, and die gape playing angle (or) (as herein defined) obey the following relationship: 

G > 2 L tan a 

35 Preferably ths toe height (T) (as herein defined) is greater than 8 cm. 

Preferably the overall width of die head (W) (as herein defined) is greats than 12.5 cm. 

Preferably the circtmiference of rotation (Cor) on the outer edge of the head between ti)e open stick rotational contact point 
(RCPo) and.titt reverse, stick rotational contact point (RCPr) (as herein defined) is greater dian 1 1 cm. 

In die pmfeiTed- emb od iments of dns'invoition die playing surface toe extension (PSTE) (aa herein definW)' ir greater ti»'»t 
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3.r and preferably is greater than 4,5 cm. 

The stick may a'dvantageously incorporate a rearward curve in the region of the stick adjacent the merger of the shaft and 
the head. Likewise a zig zag configuration may also be adventageously incorporated. 

The heed of the stick may have a face with an inclined or shallow conical profile. 

The angle or angles of inclinetion of said surface to a notional vertical plene may lie in the range of up to 20**. and 
typically from 5** to IS**. 

In another espect this invention provides e hockey stick wherein at least the head is formed of a plurality of laminar 
etemams having interposed therebetween reinforcing elements of 9 reinforcing metehel.- The ieminer elements may extwid iirplaner 
generelly paralid to the playing surface of the stick, or they may extend in plenes generally perpendiculer to the playing surface, end 
generBtfy follow the* line of ' tin curve of the heed. The reinforcing material mty be selected 'from the group .compi iaing "csrbon'fibre'^ 
materief, glassier ninerel ftbrvrnMrral; and syntlietic*^ fibre' iRiier 101/ such' BS' ijuertz aremid 'fibre: The reinforcing ~ elements' extend 
ecross sulistamialty the whole of the width of the laminar elements, or they mey be at leest pertially received in recesses in said 
lamnar elements and extend ecross only part of the width thereof. The laminar elements may be of wood but other meteriels are 
not exckided 

According to another aspect of this invention, there is provided a hockey stick having an enlarged head region incorporating 
the stick heed» the head region being sheped end dimensioned with regerd to the diemeter of e stenderd hockey ball such that from 
a position in which the stick is pieced face down on a hockey ball with the towermost portion of the outer edge of the head on the 
ground, the stick mey be twistml in one sense to an open stick playing position and in the other sense to a reverse stick playing 
position/ in each case with the outer edge of the stick in rolling contsct with the ground end without significantly disturbing or 
encroaching on said hockey beH 

Whilst the invemion has been described above it extends to any inventhn combination of the features set out ebove or ki 
the following description and drawings. 

The invention may be performed in various ways and various embodiments thereof will now be described in detail, reference 
being made to the accompanying drawings in which: 

Figure 1 is a back view of a hockey stick for identifying the various parts thereof; 

Figure 2 is an enlarged view on the lower part of the stick of Figure 1; 

Figure 3 is a view on. the front of the lower portion of a hockey stick of this invention with an enlarged head; 
Hgure 4 is a view on the back of the^lower^ portion of : a. hockey- stick in a: reverse stick; block; 
Figure 5 is a view on the front of the lower portion of a hockey stick similer to that of Figure 3; 
Figure 6 is e view on the back of the lower portion of a hockey stick, illustrating the perameters PSHE and PSTE; 
Figures 7 (s) end (b) ere views on the beck of the lower portion and the whole of a stick in accordimce with this invention; 
Figures 8|a> and (b) are views on the back of the lower portion and the whole of a stick in accordance with this invention; 
Figures 9(a) to (p) are views representing prior art sticks ((a) to (nl), and sticks in accordance with this invention do), (p)); 
Figures 10 (a) and (b) are a perspective view from above, and a side view respectively, of a stick exhibiting a dragging 

effect; 

Figures 1 1(e) end (b) are a perspective view from above, and e side view respectively, of a stick exhibiting a cradling effect; 
Figures 12(a) and (b) are a perspective view from ebove. end a side view respectively, of e stick exhibiting a cupping effect; 
Figures 1 3(a) and (b) are a perspective view from above, and a:sid8 view respntively, of a stick axhibitiiig a trapping effect 
Figures t4(a) and (b) are a perspective view from ebove; an* a side view respectively, of a stick- exhibiting' mr 

■■■■ M» t^^^. im ti c nc\ 
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passment effect; 

Figures 1S(ar and (b) are a perspective view from above, and a side view respectively, of a stick exhibiting an ebsolute 

encompessnunt effect; 

Figures 16 and 17 are schematic views of the geometry of the ball and stick; 

Figure IB .is a graph of gape (G) vs- gape height (HI indicating various desired parameters; 

Figure 19 is a greph similar to Fi^e 18. but with additionel desired parameters: 

Figure 20 is the graph of Hgure 19« with various sticks according to the prior art and various in accordance with the 
invoitiotr plotted; . 

Figure 21 is a diagram representing circulation from an open stick playing position (far right) to a reverse stick playing 
positiQn (far left); - 

Hgure 22 is a schemetic view from etnm of the geometry invohred in drcutatran from the open stick ptaying position to 
the reverse stick playing posttMn; 

Figure 23 is a detailed view of the front of the head of a hockey stick identifying various components and measurements 

referred to herein; 

Figure 24 is a graph of width of head (W) vs. playing angle (a); 

Figure 25 is the graph of Figure 24 but with various prior art sticks and various sticks in accordance with the invantion 

plotted; 

Figure 26 is a hirther ^aph of gape (G) vs. gape Height (H) similar to Figures 18 to 20, with additional criteria indicated; 
Figure 27 is the graph of Figure 26 with various sticks according to the prior art and various in accordance jivith the 
invention plotted; 

Figure 28 is a graph of height of toe (T) vs. height (H) of gape, for various sticks according to the prior art and various 
in accordance with the invention plotted; 

Figures 29(al (b), and (c) are views on the back of the tower portion of a hockey stick in accordance with this invention, 
and on section lines AB. and CD respectively; 

Figures 30 (a), lb), and (c) are views on the back of the lower portion of a hockey stick in accordance with this invention, 
and on section lines AB. and CD respectively, and 

Figures 31 (a) and (b) to Figures 40 (a) and ib) are views on the back of the tower portion and the whole of a selection 
of hirther sticks in a ccor dance - with this inventum/ 

DETAILED MDMENCLATURE AND GEOMETRY 

In this description 1 refer to a number of meesurements in the stick namely the gape (G), the height of gape IH), the width 
of head (W), the h«ght of toe (T). the forward displacement (Cf) and the rearward displacement (Or) all of which can be measured 
directly from the face of the stick and are represented in Figures 3 and 4. Two further measunnnents, namely the circumference 
of rotation (Cor) and playing surface toe extension (I^TE), mey only be measured knowing G and H and then «a outline drawings, 
and both are represented in Figure S. 

Broadly speaking, the Gape circles are notionel circles that lie between end are not aossed by the inner facial edge of the 
head andJor shaft. Each circle should make contect with the inner feciel edge at no less than two points that subtend an angle at 
the centre of the circle greater than 90'' and preferebly at leest 180^ It the radially inner pert of the pJaymg surface of the stick 
should be chamfered or routed to provide a. seat to. receive a ball the playing surface of the stick is deemed to end at the chenge:. 
in profile on the from part dJthe s^ to suchr stidis - 
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thr e dimension is measured between opposite inner edges of the playing surface. The subtended angle should be measured from 
the highest contact point on the shaft or shaft sida of the haad^ downwardly towards the head and back up to the furthest contact 
point on the toe or toe side of the head about the centre of the gape circle. Gape circles that have a diameter greater than 7cm 
(the diameter of the ball) are eicluded from consideration, and where no other gape circles less than 7cm diameter can be defined 
5 there is considered to be no gape. Where contact on the right hand side of the gape circle is made onfy with the toe (i.B. past the 
last inflexion point on the inner edge before the convexiy curved edge of the toe) the catching action produced will be of a dragging 
type (as herein definntt sid.hBncB.such gepes are disregardad iwith the excei^ ta be descriheii telowt and for this purinssa 
gape circle should be sought. However where right side contact is provided only by the toe imt a rearward curve exists in the shaft 
which provides left hand side contact between the shaft and baH above the centre of the gape chrle, which in so doing subtends 

1 Q an angle, between tha furthest conua points^ of at. least 1 SQ^,. such gape cirder can be^couotad. 

In most ce$» the centre of the gepe circle will Ue below tha highest extent of the toe; where it does not the Mghest 
contact point on the toe side of the head should subtend an angle about the centre of the gape circle of 50^ or more measured 
anticlockwise from a vertical axis passing through the centre of the gape circle. Thus sticks in which the tangent to any part of 
the inner edge of the toe side of the head is inclined to the horizontal by greater than 50^ can legitimately demonstrate a gape circle 

15 having a centre which is higher than the toe height (provided the gape circle doe not contact the toe itself except where a rearward 
curve in the sheft provides contact which subtends greater than 180^ with the point of contact with the toe). 
The gape (G) is the diameter of the gape circle. 

The height of the gape (K) is the vertical distance from the ground to the centre of the gape circle when the head of tha 
stick is in contact with the ground and the handle is held vertically. 
20 In considering the aspects of. this invention it will be noted that a stick may have several or a continuum of gapes, of which 

the most important are "High G*, "Low G". and "Big G", being the diemeter of the gape circles with the greatest gape height (H), 
the least gape height, and the greatest diameter, respectively. In eny sticks, two or ell three of these may coincide. 

Likewise eech gape circle selected will have e height (H) and so numerous configurations of (6) and (H) may exist but sets 
of values for a stick may be precisely end ecciirateiy determined, and where appropriete the sou of values defining (G) and (H) for 
25 a stick may be analysed in turn. Rgures 7 and 8 illustrate different gapes and conresponding measurements of G and H; in each case 
the higher circle shown would ususlly be disregarded because of lack of right sidad contact with the head. 

The width (W) is the gnatest horizontal distance across the face. of the stick. between the outer extrenaty. of thashalt 
or shaft side of the head and the outer extremity of the toe or toe sideof the head when the base of the head of the stick is in 
contact with the ground and the handle held vertically. 
30 The height (T) of the toe is the vertical distance from the ground to the highest pert of the toe or heed when the base 

of the head of the stick is in contact with the ground and the handle is held vertically. 

Referring now to Hgtve 4, the forward displacement (Cf) is the generelly horizontal distance perpendicular from a line of 
continuation of the upper part of the inner edge 5 of the shaft and the furthest point of displacement of the inner edge 5 of the shaft 
towards tha toe which results from a forward curve. Cf is usually zero. 
35 The rearward displacement (Cr) is the generally horizontal distance perpendicular from a line of continuation of the upper 

part of the outer edge 6 of the shaft 2 and the furthest point of displacement of the outer edge of the shaft away from the toe 
which results from a rearward curve. Cr is often zero. 

From 6 and K a hirther^vaiue known as. the gape playing angle (a) may be calculated. Thia is the engle of inclination 
at which the handia of tha stick needs to be inclined to the ground when held face pointing down, with the lowermost part of the 



en tpgrm itc- cucct mi ii . c: net: 



wo 97/41929 PCT/GB97/01212 

7 

01 Kige in contact with the ground, to bring a section of the ball firmly into the gepe circle; a may typically be from 30"* to 60'' 
and is unique for a particular gapelgape height arrangement. 

Referring to Figures S and 6, once the gape playing angle (a) has been determined it is possible to measure two further 
importent factors* the playing surface toe extension (PSTE) and the circumference of rotetion (Cor). The reverse stick rotational 
5 contact point (RCPrL as. demonsuated. in Figure 6, is the contact point of the stick with the ground when the stick is held, at the 
gape playing angle (o) in the reverse stick position. The open stick rotationsi contact point (RCPo) is the equivalent point on the open 
stick. 

The playing surface toe extensian (PSTE) i& the distance^^parellel to the ground but at a height of 4cm abava tha guund, 

that the toe extends past the RCPr. 
to The circunferenca. of rotatian (Cor) is the distance^ measured around tha outsida of. tha headr between tha RCPr and the 

RCPo, i.e. the length of tha surface in rotting contact with the ground es tha stick is twisted from open stick to reverse stick when 

h^d at the gape ploying engle a. 

1 have conducted an extensive analysis of the dynamics of hockey stick and ball interaction and have discovered two 

predominant effects which influence holding and control of the ball by the stick and the gape circle. I have termed these effects 
15 "riding^over" and "squeezing out**. 

Any means of manoeuvring the ball in the gape circle requires a horizontal force, parallel to the ground, to be appHed to 

the ball. If tha force applied to the ball is purely horizontal then the ball will roll freely in the {Erection implied by the stick. However 

the force on a ball is rarely applied purely horizontally when catching the ball and in general the force includes downward as well 

as lateral components. The downward force gives rise to friction which can be problematic, as discussed below. 
20 When a substantial element of friction occurs and the force from the stick is applied at a high angle from the centre of 

the ball the stick may ride over the ball leaving it behind. Conversely if the force is applied at a generally low angle to the ball the 

pressure applied to drive the ball through the frictional resistence may result in the ball being squeezed out in an uncontrolled feshton 

when it does eventually move. 

The sticks that exhibit this "catching" effect can initially be subdivided into four types, those that exhibit both riding over 
25 and squeezing out, those that exhibit one or the other and those that exhibit neither. A fifth type can also be identified where the 
major proportion of the gape circle lies above the highest extrenity of the toe and contact between ball and stick is restricted to two 
lateral areas on the shaft and toe. I have nemed these different means of catching; Encompassment, Cradling, Trapping, Cupping and 
Dragging;^ and tttase are discussed in greater. detai faeimfv. 

DraoninD 

30 In this method the ball is provided with a laterd force from behind by the toe of the stick and a guiding force from the 

left by the inner edge of the shaft as demonstrated in Figure 10. However little if eny guiding force is provided to the right of the 
bail and no restraining force is present to keep the ball in position. The action is generally performed with the edge of the toe and 
the edge of the shaft, there being no contact with the inner edge or fece of the head. This method can commonly be performed with 
state of the art sticks and does not form part of the inventhin, except where a rearward curve in the shaft is present which provides 

35 for contact between the gape circle end stick spanning 180'' or greater thereby providing right sided guiding forces end a rearward 
restraining force. 

Cradlino 

In this method the belt is provided vvith a horizontal force from behind and with guiding forces from the edges of tt« limbs 
of the heBifc:sifnultanwuslyyframr the:lch:»^^ Tha most important^featurB:is that tha km«s 
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r of contact between stick and bell is below the heif height line on the ball. The bulk of the ball thus prevents the heed from 
climbing above the baU and'es such this method has few if any problems with ridin|H»ver. Nevertheless the lack of a restraining force 
from the front results in problems with squeezing out particularly where any attempt is msde to change the direction of movement 
of the belL 

Cupping 

Here, when the gape arrangement is used with the head in contact with the ground, all of the forces applied to the bail 
act upon the upper rear quarter of the m as shown in Figure 12. As such the horizontd driving force is 9 resolved etemant of these 
forcer and is of simitar magnitude to the downward resDhred element. Hence the frictionat resistance offers consrderafale oppostion 
to the driving force, resulting in the possibility of both riding-over and squaezing-out. The user mey overcome one or the other problem 
by raising or lowering the handle. Raising tim haidte vvitf fra the ball helping h Lowering the handle 

wHI fores the head off the greiind and subsequently the gape circle mey pass the highest point on tbr baR, thus providing a backwards 
restraining force to prevent squeeztng out which I term "elevated encompassment". Elevated encompassment suffers not only from 
requiring a lower angle of play making control uncomfortable and more difficult but it also suffers from heving no contact with the 
ground, which normally provides the user with a guide to ensure correct positioning end a consistency of playing effect in the process. 
The greater the attempt to avoid either riding-over or squeezing out. the more the other is encouraged. The user of sticks with such 
gape errangements will require a reasonably high level of skill to judge the accurate angle of play required by a ball on any particufar 
surface and good reections to essist in overcoming misjudgments or changes in surfece friction. Obviously the closer such 
arrangements are to trapping, cradling, or encompessment anrangement the less the required skill to provide eccurate play. 

Trappino 

in these arrangements the gape circle is provided so thet whilst the heed of the stick rests upon the ground the highest 
point of the ball falls just within the gape circle as shown in Figure 13. Hence these sticks allow a backward constraining force to 
be applied In such embodiments that have a curve in the shaft or a recumbent part to the toe. Such a force reduces or eliminetes 
the problem of squeezing out. Nevertheless the general application of the forces applied in these arrangements are in the upper 
section of the rear quarter of the bail producing a substantial downward force and a considerebly less substantial horizontal driving 
force. Hence these arrangements may exhibit problems with riding over. In such circumstances this may be ameliorated by raising 
the handle which would result in loss of restraining control. On the other hand sticks of such arrangements can provide an 
encnnpassing effect when tilted to the side, or another lesser angle of the ball. At these inclinations, assumiog a substantial toe 
has been provided with -a^ recumbent'etwnent and a curve has'been provided^ in the shaft, tha Height of the Gapa effectively beconun 
the width of the toe or shaft plus half the gape. This reduced height allows forces to be applied from below the ball whilst a 
restraining effect is provided from above fay either the sheft or toe opposite. As such a "mock encompassment" effect is produced. 
The manoeuvrability of the ball may be hampered by the problems experienced when the baU is played straight on. nevertheless the 
configuration does provide benefits. 

Encomoassment 

In such arrangements the stick meets the bail both below the half height line and past the median line and as a result the 
skill requirement of the player is substantially reduced as the ball is also comfortably retained within a combination of left and right 
sided guiding forces (see Figure 14). Where a recumbent element to the toe and a curve to the shaft are ^ovided, these provide 
further restraining forces acting backwards from the left end right sides. As such the ball can be fully encased and still be allowed 
to roll freely when encompassed by the head as in a baB «id socket joint. Such arrangements,are termed "absohita encompessment*,. 
see Figure 15i In its lesser emtiodtments tfv arrangements' of encompassment, as presented ht' Flguft' 14; utilise* the' conwof ' the" 
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sh' 0 provide a left sided restraining force only. 

I have subjected these arrangements to geometrical analysis to investigate their characteristics in greater detail. I would 
however emphasize that the geometric analysis below indicates optimal characteristics of preferred embodiments of the sticks, but 
that the invention eitends broadly to sticks which, whilst not possessing one or more of the ideal characteristics set out below, still 
5 fall within the scope of the Claims, and as such possess unique beneficial and distinctive properties compared to prior art sticks. 

Referring now to Figures 16 and 17, tftese represent line drawings of the head and toe portion of a hockey stick with the 
gape circle catching the ball. It is possible to show from such diagrams that 



H sina - |R coslsin *(Gn2R||)) cosa - R Eqn (1) 



10 



a - sin ' |R/{H^|Rcos($in^{B/(2HnjP>**) 

^ tan > KRcosisin ' (G/{2R»)I/H) Eqn (2) 

where a - Gape playing angle of stick relative to 
ground 

15 H - Height of Gepe 

R - Redius of Ball 
G - Gape dimension. 

To facilitate ebsolute encompassment and alleviate squeezing out. a racimibent element may be provided in the toe to hold 
the ball firmly. An effective recumbent element wotjid reach approximatelY a quarter of the gape diameter (Gl above the centre of 
20 the Gape circle. To fit within the toe such a distance should be less than the height (T) of the toe. Hence to facilitate 'absohite 
encompassment: 

T > H ♦ GW Eqn (3) 

where H- Height of Gape. 

25 To allow for the stick to be able to hit, stop, push, dribble, etc. the ball, the minimum facial width F,^^ (i.e. the minimum 

width of face that will allow the ball comfortably to be played) should be no smaller than the height of the centre of the ball (R). 
It is wise to provide an allowance for wear and error and in geoeral FHg»>R'^0.5cro.. The space below the gape available to 
accommodate the face-is the height of the gape (H) less half the gape diameter (6); (H • 6/2i: Hisnce in ell aspects to accommodate 
an effective face:- 

30 H . G/2 > R Eqn (4| 

The effects of riding<over can be alleviated if the base of the gape is applied to the ball below the half height line on the 
ball, that being R above the ground. By geometry, the base of the gape can be shown to be applied at a height from the ground of 
((H*6f2) sin ol. Hence where 

(H . G/2) sin a < R Eqn (5) 

35 riding over can be allevieted and cradling or encompassment can be achieved. Where however the location of the base of the gaps 
circle is greater than 5cm (F,^^ (maximum allowable facial width) up the stick it is impossible for there to be contact between the 
inner edge of the head and the base of the gape circle. In these circumstances the lowest contect point of the gape cirde with the 
inneriedge of the.heal musMie betow the half hmght'line to enaffe. riding-over is alleviated. The estimated location of this point is 
6^7 4(H ^ \iam thi centre of the gape aide amf hence through the formutr 
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R > (H • 6M4(H -f^)) sifi a <6) 
the ability to overcome riding-over can be determined for these higher values of gape height. 

To alleviate squeezing out the toe should provide a recumbent section that passes the median line on the ball. To do so 
the top of the gape circle must pass the median line on the ball. The distance from the base of the head to the top of the gape 
circle is half the gape diameter plus the height of the centre of the gape (H ^ GI2K By geometry it can be shown that the distance 
up the face to the medien line of the ball is (L tan a * H), where L is the perpendicular distance from the face of the stick to the 
centre of the bail. Hence to overcome squeezmg-out and eltow for trapping or enconnpassment: 
H'^G/2>Ltana + H 

/. 6 > 2Lt8n a Eqn 171 

Further to allaviatB. squeezing-out and.prauide ahsoiute.encompas8n8nt.the.top.at the toe. must. pass, the median tine on 
the ball so as to allow for a gape to be provided at this position. Hence to provide absolute encompassment: 

T > Ltan o + H Eqn {81 

No gape can be provided if the height of the toe IT) is less than the height of the base of the gape circle H • 6(2. Hence 
to provide any catching effect: 

T>HG/2 Eqn®) 
For the gape to be effective in trapping the ball it cannot exceed the diameter of the ball: 

G < 2R '^'W 
These requirements can be represented graphically through linear programming techniques, f^otting G versus H in Hgure 
18 we can initially show the realms of the four primary means of catching are initially demoruuated by plotting the inequalities (H • 
GI2) sin a < R (Eqn (5H and 

R> (H G' WIN -F<^,)) sin a {Eqn (6)1 which define free flow movement and overcome riding-over along with G > 2Ltan a (Eqn (7)) 
which defines an applicatala restraining force end overcomes squeezing>out. 

To this diagranvnaticat study the features of maximum gape (6 < 2RI (Eqn (10)1 the minimum toe length 
(T > H - G/2) (Eqn (9)), and minimum beneficial face <H • G(2 > R) (Eqn (4H can be added easily as in Figure 19 with an 
understanding that the rules provide for a ball of radius approximating 3.5 cm and limit the toe to 10cm. At Figure 20 a range of 
prior art sticks are plotted on the chert together with embodiments of this invention, from which it will be seen that aU the 
represBntBlprior art sticks.have gapes lS) less than 3cm .whilst the emboctewte of this imnntiOA have gapes (G) greater than 3cm. 
It wiU also be seen that all the prior art sticks lie in the lower portion of the lower right hand qoadrant WralWcttppinB"; whereas 
the majority of embodiments of tWs invention tie in the upper left end right quadrants labelled "encompessment" and "trapping' 
respectively. 

The features of T > Uan ff H (Eqn 8)), and 
T > H ♦ G/4 (Eqn |13)J both relate to the provision of ebsolute encompassment. To achieve ebsolute encompassment a stick must 
hilfil all the features of encompassment and these two latter features. It can be shown from such a linear programming investigation 
that to achieve absolute encompassment the Gepe Height may not exceed 8.5cm and the height of the toe must be at least 8 cm. 

The preferred sticks of this invention show a further characteristic which I have termed "circulation", this effect is made 
possible by the ability of the stick to hold the ball in a catching effect with the bell lying between the shaft and toe of the stick 
whilst the head of the stick is held face down. If the stick is rotated from reverse to open stick and vice-versa around the ball as 
shovtti in Rgure.21. with^the head in; contact with the playing surface, the stick is not grounded on the baU whilst passing the face 
down positioit ami further , provides: a limb of -the he«t cf the stick adjacaiit the belt at each emt of the action with whidr m 
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CO tably play the ball. What is mors these embodiments do not require the handle to be raised, lowered or moved laterally in any 
combination to allow the circulation action to clear the ball nor does the circulation action cause the ball to be moved by the head 
as it rotates round its own outer edge. 

The ability of the stick to provide the circulation effect can be identified throuoh a series of measurements and calculatiQns 
5 taken from the face.of- the stick. The maesurements "6" and "H" allow the reader to determine the gape playing angle "a*. From 
V, the circumference of rotation ("Cor") and the playing surface toe extension ("PSTE") can be measured or calculated from the 
lace of the stick as shown in Figure S. 

From Figure 2Z it is clear that the entirety of the semicirde of rotation TCor") (i.e the notional line of contact traced out 
by rolling contact of the outer edge of the head during circulation) must lie behind the ball to prevent collision of the stick and ball 
10 in the circulation process. 

Figure 6 demonstrates that the distance 'PSTP needs to be at least as long as the radhis of the ball to provide a playing 
surface to meet the ball at the reverse stick end of the circulation process. Producing a stick with a PSTE of close to 3.5 cm would 
require absolute accuracy of play and provides no margin for error, and so a more reesonable margin for error might be incorporated 
throu^ a PSTE of 4.5 cm. 

15 Figure 22 also demonsuates how the diameter "Dor" of the semicircle of rotation must be greater than the diameter of 

the ball to prevent the circulation process ending in collision between toe and ball. Thus "Cor " must be greater than the radius of 
a ball multiplied by the n. and so Cor must exceed 11 cm to clear the ball in circulation. Once the diameter of rotation exceeds the 
dianeter of the ball, a larger air space will exist between the ball and the stick at each end of the action. A small air space is 
desirable to alleviate small inaccuracies in movement but a large air space presents the stick at too large a displacement from the 

20 ball to support effective and prompt control of the ball in the dribbling action. Hence a value of Xor' marginally above 11 cms is 
beneficial. 

Where the centre of the gape is substantially offset from the spatial axis, much as in a dragging action during any attempt 
at the circulation process the toe will be driven into the ball on the reverse stick side and the shaft left at an unplayable distance 
from the ball on the open side. Hence circulation would seem impossible from the dregging position, which is a common means of 
25 catching in existing sticks. 

Figure 28 denuinstrates how existing sticks all have their most effective gape circle arrangement located extremely close 
to or above the tap of the. toe. The further a stick lies above the line H-T (H«- height of gaps circle; T-Toe height) the greeter the 
potential PSTE and the more vahiafate.the circolatron abiitty is like^^^^^ Hence for cir c ulation: ^ 

H<T Eqndl) 
30 As an alternative to measurement of the Xor' and 'PSTE' values, I use the simpler velues of width of head 'W* and height 

of toe T' as shown in Figure 3 to calculate an approximation of PSTE and Cor. The heads of most hockey sticks have an outer edge 
that approximates to a semicircular form or part thereof and, in such cases, the circuletion potential (Cor) may be estimated from 
the width of the head (W) and height of the toe (T). using the value of the playing angle V derived from '6' and 'H'. Figure 23 
shows the basis of the ceicuiations that define approximate velims of 'PSTE' and 'Cor' in terms of 'W, 'T' and 'a'. 
35 As previously shown, to achieve circuletion, 'Cor' must be greater than n x R, which leads to the following approximation 

in the terms of gape playing angle (ol and width of head (W) and radius of batt (Rl: 

(180 . 2o)Wl1B0 - < 2R Efl" ^2) 

This inequality IS exempliited in Rgufe:24 whkh.also demonstrates the minimum height of toe T^ required, to produce a 
PSTE'of JS'ems ft typicallrall raifcis);at any^arraigemenrof "W^- and/fl^;- rBSuftrng^fromthe-apprflximation: 
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•t(tl s «W/2-F,„Jsina+(T • W/2));cos a Eqn (13) 

The T,^, value is the lowest value that could possibly work based on the appropriate W and a ananoement. However each 
of these represent a series of G and H arrangeniems all of which will have a toe height requirement greater than T,^, and in many 
cases substantially so. 

5 Figure 24 suggests that under the currant rules, free circulation ot the heed around the bail requires a gape pleying angle 

(al less than SO", a width of head (W) greater than 1 1.65 cm and a toe height (T) substantially in excess of 7.25 cm if a reasonable 
margin of error is to be proviited for. Hownrv these factors are interrelated with greater gaps playing angtei (a) requirmg grestv 
widths m and lower playing angfei [ch requrmff larger tot hetghtrfT). The lowest head widths ara achievable at approximately 35*" 
of playing angle <a) and require a minimum toe height (T) of 7.65 cm. However smell head widths (W necessitate substantially 
10 reduced facial widths (R to allow for the required gaps (61 to ha accommodated. Thus, widths (W) of lesa thaa 12.25 cm can only 
be achieved by substantially reducing the fecial width (R of the limbs of the head and subsequently detracting from the value of the 
resulting head shape. 

In Figure 25 the features of the embodiments of sticks of this invention are compared with those of the prior art. The 
head width basis of analysis is an approximation and as such sticks that possess substantial straight sections 22 as in Figures 33 

15 & 34 which are angled to the vertical at a lesser angle than the playing angleia). as determined by the gepe (6) and gape height (H). 
can appear by calculation, using the width (W) of the head method described ebove, to provide circulation but in fact do not. Figure 
25 shows two locations for the sticks from Figures 33 & 34 besed on the width estimation method (solid lines), end a more eccurate 
calculation of their abilities (dotted lines}. The greater the angle of such streight sections and the longer their length the greeter the 
chence of the cetculation proving inaccurate. Conversely sticks which ere trunceted on their outer edges above the rotettonal comact 

20 points RCPo and RCPr as in Figure 36 may suggest via calculation that they do not possess a great enough width of head for 
circulation but in fact they are fully capable of performing the effect. Similarly Figure 25 shows two vslues for the stick in Figure 
36. Hence it is much safer to meesure the Cor accurately than to rely on the width measurement which is only provided es a rou^ 
guide. 

In a generally semicircular head the width of the head (W) approximates to the gape (G) plus two times the width of the 

25 face IR. 

W - G 2F Eqn (14) 

The width of the faca (R can reasonably be expected to vary between 3.5 cm and 5 cm (F,^. The lowest width (W) 
measurement is defined by the fine 2R * (180- 2a)WnB0, the lowest possible gape (6) can be defined es no less than W • 2F(^,. 
Hence, as seen in Figure 27, a new inequality can be introduced to our GapelHeight graph of 'Catching Means' which dictates the 
30 absolute meximum possible extent of circulation 

2R > (180-2aXG^10)f180 Eqn (15) 

The inequality H < T (Eqn (11)) and this new inequality (Eqn (15)) are shown in Fi^re 2. An investigetion of this new 
graph shows that where the circulation feature is present, the Cradling field becomes very limited and the Cupping field is markedly 
reduced. 

35 Widening the head or lengthening the toe may adversely affect the balance of the stick. This imbalance can be redressed 

by inserting a rearwerd curve in the shaft of the stick, which also allows lor the provision of a shaft which contacts the gape circle 
above its centre, thus improving its ability to hold the ball in the gape circle. 

Widen»i heads inaeasa the chance of the. ball passing beneath the shaft in a reverse stick block, and this too can be 
alleviated by introducing s rearward curve in the shaft. 
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Figure 4 demonstrates that where: 

Fj^,+2R > W Cr Cf EQ" 06) 

ffmn ' <s maiimum allowabta facial width, 5 cm 
R - radius of ball 
5 W - width of head 

Cr - rearward displacement as indicated on 
Figure 4 

Cf - forward cfisiilacement a& indicated on Figure 4 
a bail will not pass beneath the stick when laid flat on the reverse side. 

10 As the width (W) approximates to the gapa (G) plus two times th» facial width (F), W s G ^ 2F (Eqn (17)). where no^ 

deviation in the shaft occurs- it can thus be shown by substitutmg Eqn'd?) into Eqn (16), that/S < F^^ + 2R ■ 2F' ensures a 
successful reverse stick block facility. Where the facial width (F) in the head is minimised at 3.5 cm, an absolute maximum value 
of g^e (6) of 5 cm can therefore be derived, above which a straight stick will prove incapable of presenting an effective reverse 
stick block. This is a substantial restriction upon the value of the features of catching and circulation, especially when it is 

15 considered that a more reasonable facial width in the head of say 4.5 cms would reduce the maximum gape compatible with a reverse 
stick block to 3 cms. 

Hence as the sticks of this invention all incorporate heads of generally enlarged width, it is much preferred that the sticks 
also include a rearward curvature to provide a reverse stick blocking effect. 

The catching and circulation effects introduced in the embodiments of the invention require a widened head and teightwed 
20 toe, and this has the added benefit of an enlarged playing area. An enlarged playing area can accommodate inaccuracies of use by 
the player or slight vertical or horizontal deviations in movement of the ball without the ball passing the stick. 

A further benefit of the enlarged playing area is that the stick has an improved lateral dimension or playing surface. When 
held in the open or reverse stick position with the hendie at an inclination of approximately 45** to the ground, the length of the head 
parallel to the ground which could be used to stop the ball on the ground is known as the playing surface. The result of the 
25 substantial toe provided to facilitate the catching and circulation effect subsequently results in an enlarged playing surface. 

In providing for the circulation effect it is advantageous to centralise the gape as far as possible below the axis of the 
handle and above the lowest point of the circular elvnent of the outer edge of the head (the end of the spatial axis). Hence in 
em botf m en t s of this invention; the extended toe is preferably balancwf about the axis of the handle and' subsequently the provision^ 
of an extended ploying surface and enlarged playing area do not unnaturally effect the balance or performance of the stick in rotation 
30 and in fact the end result is an improvement in the dribbling action. 

Referring now to Figures 29 to 39r there are illustrated various embodiments of hockey sticks of this invention, each having 
a reerwardly curved shaft 2 to define a head with a generous gape (G) (as herein defined). In Figures 29 (a) to (c) the head 3 is 
formed of a plurality of laminar elements 30 which extend in planes generally parallel to the playing surfece of the stick. Selected 
laminar elements are cut away or recessed to allow reinforcing elements 31 to be inserted. The reinforcing elements 31 may typically 
35 be made of a reinforcing material such as carbon fibre, glass, or ninval fibre, or synthetic fibre material. 

Referring now to Rgures 30(a) to (c), in this embodiment the overall shape of the shaft 2 and the head 3 are similar to 
that of Figure 29 but here the stick is made of laminar elements 32 which extend in planes generally perpenificular to the playing 
surface. generaUy following the, line: of the curve of the head. Between selected lammar, elements. 32. are interposed reinforcing 
etoi i eiits 33 made 'of e: r ein f orcin g matrtri sinitar: to 'ttiosei Bstetf : in^ eonnection witfrFtgure S:' 
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flelBrring now to Figures 31 to 39, it is emphasized that any dimensions are given by way of example only and are not 
intended to limit the invention. All of the embodiments illustrated have a shaft with a rearward curve 17. In Figure 31 the gape 
20 is of distended form and there is a large toe height (T). In Figure 32 the gape 20 is more circular in nature. Figures 33 and 34 
show V-shaped gapes 20 both having a forward curve 18 in the lower portion of the shaft, before it meets the head. 
5 In Figure 35. the shaft 1 has a forward curve 19 before the raerward curve 17, thus providing a Imee 22. Figure 36 

illustrates an arrangement where the heel and toe have been truncated as indicated at 21. Figure 37 shows an arrangement with 
a rearward curve 17 and a forward curve 18 and a modified form of distended gape. The shaft is also offset as shown. Figure 38 
shows an arrangement where the free end of the heaif (or toe) Is ctosety spaced from the opposift innr face ef the shaft. Figure 
39 shows a further embodiment of hockey stick with a pronounced "knee* 20. Figures 40(a) and (b) show an arrangement in which 
10 the head is cut away at 40. adjacent the toe. 

The illustrated embodiments possess one or more of the following advantageoos features. 
Ball catchino 

The ball may be covered with part of the inner edge of the face whilst the stick is held face down, potentially allowing 
the ball to be moved whilst under control, changing its direction freely and safely throu^ changes in the tilt of the shaft without 
15 losing the ball through either "squeezing out" or "riding over". The ball may also be dragged, giving power to a pass on the ground 
that has marked accuracy, as commonly used in putting out penalty comers. The catching action also has marked benefits in VtA 
stopping element of penalty corners and further can be effectively used to collect and prise the ball away from opponents in tackles. 
Circulation 

The head of the stick may be rotated around the ball whilst in continual contact with the ground, without disturbing the 
20 ball or changing the spatial location of the handle in the action. This ability consequently provides e greatly improved dribbUng action. 
Enlarged playing yea 

This achieves an increase in the area through wMch a ball will not pass, providing obvious advantages in collecting balls 
that are travelling above the surface or are bouncing. It improves one touch shooting in the circle and aids the attributes of flicking 
the ball and throwing aerials. Such an enlarged playing area is highly advantageous for the goal keeper who often has to contend 
25 with balls in the air and for whom small errors in judgement can be devastating. 
Improved balance of olavino surfaces 

This gives excellentCQmrol on both open and revise sides designed for maximum value when the handle, of the stick is 
hetd at between '35^ and 55^ to the ground. Cofnbined with a comfortable' weigfrt distribution tftat brings to dose proxintty the three' 
axes of rotation. In preferred embodiments of this invention, all three axes fall within 1.5 cm (as opposed to 4.5 cm in prior art 
30 sticks), with the axis of balance and axis of handle being practically identical. This makes the rotational handling superb, giving a 
"natural" feel to the stick in the hands. 
Improved reverse stick olaving skHls 

The actions of receiving the ball on the reverse, hitting and passing the bail on the reverse, lifting the ball on the reverse, 
chipping the ball on the reverse, throwing aerial balls on the reverse, flicking from the reverse, stopping in a block fashion on the 
35 reverse side or as a dead stop during penalty corners, are greatly facilitated. 
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Ahbreviationt usad in this Spacifiaition 

a - Gape playing angle (angle of inclination of the handle with the ground when the ball is held in a 

5 catching arrangement); see Figure 6 

- miniinum ploying engle that wiH present the centre of the gepe circle at a height R above the ground; 
refer Figure 24 

B - height relativt to baK at which the base of the gape is presented to the back of ttm ball; see Ftgorv 

16 

10 Cf * Forward displacemem of toe. relative to inner «ige Q^sl^ 

Cor • Circumference of rotation; see Figure 5 

Cr - Rearward displacement of head relative to outer edge of shaft; see Figure 4 

0 - Distance from base of stick to bese of ball when held in a catching arrangement; see Figure 17 

Dor - Diameter of rotation; see Figure 22 

15 E • toe extension; see Figure 23 

F - facial width; see Figure 5 

F(„, - maximum width of face - 5cm 

F^^ - mininuni width of face that will allow ball to be comfortably played, taken to be R<fO.Scm 

G - Gape; see Figures 3, 8 

20 Gm - maximum gape, at any given playing angle, that will provide sufficient face el the bese oyhe stick 

to consistently play the ball; refer Rgure 24 

- minimum gape, at any given playing angle, that will provide a cradling or encompassment effect; refer 
Figure 24 

25 GfH - the distance up the fece of the stick to the most laterally dtsi^aced part of the inner edge resulting 

from a forward curve; see Figure 5 
H - Height of gape: see Figures 3, 8 

L - perpendtculer distance from face of stick to^ centre of ball when the bail is held in a catching 

arrangement; see Rgure 16 
30 PSo * Open stick playing surface; refer Rgure 6 

PSr « Reverse stick playing surface; refer Rgure 6 

PSTE - playing surface toe extension; see Rgure 6 

PSTEis) • shaft sided estimation of PSTE based on the playing surface aiding on the outer «^e; refer Rgure 6 
PSTEIt) - Toe sided estunation of the PSTE based on the playing surface ending on the edge of the Toe; refer Rgure 6 
35 R - radhjs of hockey ball typicaUy 3.5cm 

RCPo - Rotational contact point (open stick); see Figure 23 

RCPr - Rotational contact Point (reverse stick); see Figure 23 

T - height of Toa; see RgtffB 3 

jj^ • toe length required to reach the meifian firm of the bal^^^^^ 
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T(, - . minimum height of toe at any given arrangement of width and playing angle, that will provide a 

sufficient face at the reverse end of the circulation to play the ball; refer Figure 24 
V - vertical height of top of toe when stick is inclined at a") see Figure 16 

W - Width of head; see Figure 3 

5 

Fonnulae employed in analysis of preferred embodiments, by referancB to relevant figoras. 

RflureJ 

W-F^Cr^CFi-Spaca A Space • W-FCr>Cf 
10 If '"Space" is greater than 2R, rha hail wm pass beneath the. shaft in a block reverse stick.tackla. 

Hence for effective block reverse tackles 2R>W-F-Cr>Cf. Where CfHT>2R the above formula will not hold true and in 
circumstances such as this and those circumstances where no forward curving element exists or the forward curve occurs s distance 
less than 2R vertically above the toe, the following inequality applies 2R>W-F*Cr. 
Figure 6 

15 Theoretical Forrouiaa 

For positive circulation:PSTE > R (i.e. sufficient extension of the toe past the rotational contact point should be provided to play the 
centra of the ball at R^0.5cms above the ground when the stick is inclined at the encompassment playing angle of ol 
Reverse Stick Heying Surface (PSr).PSTE(t)4PSHE 
Open Stick Pleying Surface (PSo) -PSTE(s)^PSHE 

20 

Geometric Formuiaa 

Dor - Cor/;?; Cors/7W(180-2a)/180; 

Dor s W(180-2a|f180 
PSTE = ((W/2FJsina+(T.W/2)Mcosa 
25 Fioure 16 

Thaaratfcal Forraalae 

H Gf2 > F,^ (iA tha facial width^of tba base of tharstick sboirid be no smsUar than the radius of the ball plus an aHowancaJor 
wear and error, to allow for hitting; pushing and stopping of thr ball tn open play)^ 
T > H*G/4 

30 (i.e. for Absolute encompassment a recumbent element should be provided in the toe to hold the ball firmly) 

^R /. iH*6f2)sina- ^R {i.e to overcome Squeezing-out the base of the gape should be epplied at the half height line of the 
ball or below) 
Geometric Formulae 

H sina L cosa- R a - 5in nR/{H'+L^)")*tan'fUH) 
35 0-sin'|6l(2R)) L-Rcos& B-(HGr2)sina 
FiflursJI 

Theoretical Formuiaa 

For complete lencompassment: 

tt+GI2>T,«rt liA top of Gape passes.mwfian line of baW 
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Therefore: 

H^GI2>Ltana^H G>2Ltana 
Geometric Forninlae 

(7-sin'(R(HM'n+tan^(UHl; e.-sin»|G/|2R|); L-Rcose 
5 T^- Liana* H 

Fioure 22 . 
ThBoretical Formulae 

For positn& drculatiuu. 

10 a Thewlnrtesemr^irdeof rotatranmustite.oti^^ boumis^of rtiebaU: 

b The diameter of the semicircle of rotetion (Dor) must be greater than the diameter of the baO (2R). Dor>2R 

c The extent of the toe at 4cm height off the ground when inclined at the ptaying angle ia) on the reverse stick (PSTE) 
must be greater than the radius of the ball (R). PSTE > R 

e The Circumference of Rotation (Cor) is the distance around the outside edge of the head between RCPo and RCPr 
15 Geometric Formulae 

Oor-Cor//r 

Cor5/rW(180-2a)f180 

/. DorsW(180-2a)/160 

Figure 23 
20 Theoretical Formolae 

In ail experimental cases ?STE(t)' has proved the more accurate approximation of PSTE. Where 'PSTE' is defined as equal to 

'R'(3.5cm) the minimum toe height T^^' for circulation can be determined for the complete range of playing angles. 

The Circumference of Rotation (Cor) is the distance around the outer edge of the head from RCPo to RCPr; for a generally circular 

head this distance approximates to /7W(180*2o)/180 
25 Geometric Formolae 

a-sin'(R/HM')")*tan'(UH) 

0-sin'(GI(2R)) L-Rcose T-E^WQ 
PSHEs(4W.F(J')^* 
30 PSTE s the lesser of: 

PSTE(t) sf(W/2-F(,^^)sina+(T W/2))/cosa or 
PSTE(s)s{F^*((W/2.F^)(lcoso»)lsina 
Cors/7W(180-2a)/180 
Figure 24 

35 a^^ is defined by ffM-sin'(RIHM) where H^-Tt^'^WZ 
is defined by the intersection of H-T,^) and 
Hsina-Lcosa-R. 

G(g^ is. defined byL the(inteiSB6tHmf^^^ 
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T,^isdflfimdby PSTE{tr-R 

/. R2<(Wr2(R>a.S))siiH7^(T«MW/2)Uci»o 
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IS 
Claims 

1. A hockey stick having a maiimum gapa (as herein defined) of at least 3 cm between the limbs of the head and the 

shaft. 

2. A hockey stick as claimed in Claim 1. wherein the head has a curvature of at least 140**. 

5 3. A hockey stick as claimed in Claim 1 or Claim 2, wherein the manmum gape is at least 3.5 cm. 

4. A hockey stick as claimed in Claim 3. wherein the maiimum gape is approiimately 5.5 cm. 

5. A hockey stick as claimed in Claim 1 or Claim 2, havine at least one gape circle with a gapa (G) and a . gapa height 
(H) in accordance with the following relatioiohip: 

G > 7.7 - 2H/5 

10 6. A hockey stick » claimed *m Cfaim 1 or Clam Z having at teast ona gape cirde with a gape (6) 

(H) in accordance with the following relationship: 

6 > 7.65 <4Hni 

7. A hockey stick as claimed in Claim 1 or Claim 2, having at leest one gape circle with a gape (6) and a gape height 
(H) in accordance with the following relationship: 

15 G>10.3*4H/5 

8. A hockey stick as claimed in Clean 1 or Claim 2, having at least one gape circle with e gape (G) and a gape height 
(H) in accordance with the following reletionslnp: 

G > 5H/6. 1.25 

9. A hockey stick as claimed in Claim 1 or Claim t having at least one gape, wherein the gape (6). the perpendicular 
20 distance (L) from the centre of the gape circle to the centre of a notional hockey ball caught by said gape circle, and the gape playing 

angle <a) (as herein defined) are selected In accordance with the following relationship: 

G > 2 L tan o 

10. A hockey stick as claimed in any preceding Claim, wherein the toe height (T) (as herein defined) is greater than 8 

cm. 

25 11. A hockey stick es cleimed in any preceding Claim, wherein the overall width of the head (H) las herein defined) is 

greater than 12.5 cm. 

12. A hockey stick is cfaimed in any preceding' Claim, wherein the drcumference of rotation (Cor) on ttw outer edge of 
the head betwran the open stick rotetional contact point (RCPo) and the reverse stick rotational contact point (RCPr) (as herein 
defined) is greater than 1 1 cm. 

30 1 3. A hockey stick as claimed in any preceding Claim, wherein the playing surface toe extension (PSTE) (as herein defined) 

is greats than 3.5cm and more preferably greater than 4.5cm. 

14. A hockey stick as claimed in any preceding Claim, wherein the stick incorporates a rearward curve in the region of 
the stick adjacoit the merger of the shaft and the head. 

15. A hockey stick as claimed in any precedmg Claim, wherein the stick incorporetes a forward curve in the region of 
35 tha stick at^acent the merger of the shaft and head. 

1 6. A hockey stick as claimed in any (receding Claim, wherein the facial surface of the head has an inclined or shallow 
conicai profile. 

17: Ahotkay stick asdainWiirf^^ 
plana Ke in the range of up to 20*. 
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18. A hockey' stick as claimed in Claim 17. wherein said angle of inclination lies in the range of from 5 to IS**. 

19. A hockey stick wherein at least the heed is formed ol a plurality of laminar elemems of one material having interposed 
therebetween rainforcing elements of a reinforcing matarial. 

20. A hockey stick as claimed in Claim 19, wherein said laminar elements extend in planes generally parailel to the playing 
surface of the stick. 

21. A hockey stick as claimed in Claim T9, wherein said laminar elements aitend in planes generally perpendicular to the 
playing ststece, antf generally folliiW"tha'Kne*'Of tha ctmra of the head. 

22. A hockey stick as daimed in any of Claims 19 to 21, wherein said reinforcing material is selected from the group 
comprisirtg carbon fibre material, glass or mineral fibre material, and synthatic fib» material such as quartt aramid fibre* 

23. A hockey stick as claimed in any of Claims 19 to 22. wherein satt reinforcing elements extend ecross substantially 
the whole of the width of the laminer elements. 

24. A hockey stick es claimed in any of Claims 18 to 21, wherein said reinforcing elements are at least pertially received 
in recesses in said leminar elemenu and extend ecross only part of the width thereof. 

25. A hockoy stick having en enlerged head region incorporeting the stick head, the heed region being shaped and 
dhnenstoned with regard to the diameter of e standard hockey ball such that from a position in which the stick is placed face down 
on e hockey ball with the lowermost portion of the outer edge of the heed on the ground, the stick may be twisted purely ki one 
sense to an open stick playing position and in the other sense to e reverse stick ploying position, in each casa with the outer edge 
of the stick in roiling contact with the ground and without significantly disturbing or encroaching on said hockey ball and without 
substantially altering the gape playing angle a or the axial position of the stick. 
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Fig. 4 
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Fig, 16 
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Fig, 21 




SUBSinurESHEEr;(RUL£ 26). 



wo 97/41929 



PCT/GB97/01212 



12/20 



R*0.5 



Toe Portion 



Shaft Fbrtion 




,(90-a)A: 



Fig, 23 




"a" Raying AngWDegrees) 



Fig. 2 4 



wo 97/41929 



PCT/GB97/01212 



13/20 




wo 97/41929 



PCT/GB97/01212 




wo 97/41929 



PCT/GB97/01212 




wo 97/41929 



PCT/GB97/01212 



16/20 




wo 97/41929 



PCT/GB97/01212 



17/20 




Fig, 29a 




Fig, 30a 
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